Proteome-wide analysis of temporal phosphorylation dynamics in lysophosphatidic acid-induced signaling.
Most growth factor receptors trigger phosphorylation-based signal transduction to translate environmental stimuli into defined biological responses. In addition to comprehensive and reliable assessment of growth factor-induced phosphoregulation, temporal resolution is needed to gain insights into the organizing principles of the cellular signaling machinery. Here, we introduce a refined experimental design for MS-based phosphoproteomics to reconcile the need for high comprehensiveness and temporal resolution with the key requirement of monitoring biological reproducibility. We treated SILAC-labeled SCC-9 cells with the seven transmembrane receptor ligand lysophosphatidic acid (LPA) and identified more than 17 000 phosphorylation sites. Filtering for biological replicate quantification yielded five-time point profiles for 6292 site-specific phosphorylations, which we analyzed for statistically significant regulation. Notably, about 30% of these sites changed significantly upon LPA stimulation, indicating extensive phosphoproteome regulation in response to this growth factor. Analysis of time series data identified distinct temporal profiles for different kinase substrate motifs, likely reflecting temporal orchestration of cellular kinase activities. Our data further indicated coordinated regulation of biological processes and phosphoprotein networks upon LPA stimulation. Finally, we detected regulation of functionally characterized phosphorylation sites not yet implicated in LPA signaling, which may foster a better understanding how LPA regulates cellular physiology on the molecular level.